Comment: In situ Measurement of Self-Heating in Intrinsic Tunneling
  Spectroscopy [PRL 94, 077003 (2005)] by Zavaritsky, V. N.
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Intrinsic tunnelling or wishful thinking?
Heating is known to distort I-V linearity in supercon-
ductors, cf. eg. [1]. However, heating issues in ‘intrinsic
tunnelling’ (IJT) were mostly misinterpreted or ignored
until direct experimental evidence of the heating origin
of I-V nonlinearities in Bi2212 mesas was obtained [2].
Subsequently the origin of IJT and some principal appli-
cations of the effect were addressed by [3] following the
development of a practical tool for the distinction of in-
trinsic features from extrinsic ones and evidence of the
heating origin of the key IJT findings including various
IJT ‘gaps’ [4]. Krasnov et al [5] ignored earlier experi-
mental work by Refs.[1, 2, 3] and in undeclared polemics
with Ref.[3] claimed their I-V are free of heating because
the sample area dependence of these I-V appears to be at
odds with the model by [5]. This model, however, is irrel-
evant since it disregards convection and ignores the top-
most metal electrode of the enhanced area and thermal
conductivity, which is a principal heat-sinking channel in
the mesas by [5]. As will be shown below, the ‘heat-free’
I-Vs by [5] are most probably caused by heating.
Heat load P ≡ V I/A characterizes self-heating since
the heat V I dissipated inside the sample escapes through
its surface area A. Similarly to Refs.[3,4-6] in [5], the
characteristic loads that are required to achieve the fea-
tures in IJT spectra ascribed by [5] to different phenom-
ena exceed that of a domestic kettle by 2-3 orders and
are practically independent of A, hence pointing to the
heating origin of these features, see Fig.1(a).
Mean overheating of a mesa-structure is described by
Newton’s law of cooling (1701) as
T − TB ∝ P. (1)
According to Eq.(1), monitoring I-V at a given bath tem-
perature TB results in a sample temperature rise that en-
tails gap-like non-linearity if ∂R/∂T<0, Fig.1(b). Unlike
the model by [5] the parameter-free Eq.(1) describes the
measured IJT spectra quantitatively based on the R(T )
of the same sample only [3, 4]. Here we extend the anal-
ysis by [3, 4] to verify whether the independence of the
IJT gap from the sample area guarantees the absence of
self-heating as claimed by [5]. Assuming the samples dif-
fer by the area only, we reconstructed the IJT spectra
for the same range of A using the model R(T ) by [5]
reproduced in Fig.1(c). As seen from Fig.1(b), the thus
constructed heating spectra reproduce all key findings by
[5]. Indeed, irrespective of the mesa area, these spectra
retain the same V-shape and slope below and above the
IJT gap and even reveal some minor features ascribed by
[5] to phonons. Hence the principal claim by Krasnov et
al is revealed to be invalid and the area independence of
the shape of the IJT spectra by [5] shows that the latter
indeed represent artefacts of self-heating.
It is worth noting that Eg.(1) explains naturally the
actual area ‘dependences’ of IJT gaps by [5] that are not
flat. Indeed, a direct estimate, 1/R = ∂I/∂V |V→0, shows
that the samples by [5] reveal vastly different resistivities
in stark contrast to what would be expected if these were
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FIG. 1: (a): Heat loads that are required to achieve the char-
acteristic IJT features by [5]; (b): ∂I/∂V for mesas of differ-
ent area made of the same medium, obtained from the model
R(T ) of [5] (solid line in (c)) assuming Joule heating origin of
I-V nonlinearities; (c) the squares and circles represent ρ(A)
of physically identical media and those by [5] respectively.
physically identical, as is erroneously claimed by [5] and
assumed in our calculations (see the symbols in Fig.1(c)).
Hence Fig.2 by [5] becomes trivial as the IJT gaps of
samples with different ρ(T ) should not necessarily match
[4].
To save space, I will only briefly point to some other
key faults by [5] that are carried over from earlier works
and were already addressed by [3, 4]. In particular, the
IJT spectra at TB < Tc are described by the same Eq.(1)
that explains naturally the abnormal sharpness of the
gap-like feature at TB/Tc∼0.03, see [3] for details and
also for the cause of I-V’s back-bending that has little in
common with heating above T ∗. Finally, the nonequilib-
rium thermometry by [5] is unreliable as it ignores the
heat load dependent thermal lag, see [3, 4] for details.
In summary, our comprehensive analysis suggests the
heating origin of key findings by [5], hence rendering ir-
relevant their conclusions.
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